abstract Ketamine, an N-methyl-D-aspartate-type glutamate receptor antagonist, has long been used for anesthesia and has recently been investigated for its rapid antidepressant effects in adults with treatment-resistant depression and posttraumatic stress disorder (PTSD). We report a case of a child with PTSD and episodes of severe aggression and emotional dysregulation that were refractory to multiple medical and behavioral interventions. This child demonstrated sustained (8-13 days) remission from these symptoms when exposed to ketamine in the context of 2 procedures. We review the sparse literature on the uses of ketamine for behavioral purposes in children. This case suggests that ketamine should be further explored as a potential treatment option for children with severe refractory behavioral aggression.
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Ketamine, a N-methyl-Daspartate-type glutamate receptor antagonist, has long been used for anesthesia and has recently been investigated for its rapid antidepressant effects in adults with treatment-resistant depression 1,2 and posttraumatic stress disorder (PTSD). 3 This case describes a child with PTSD and episodes of significant aggression and emotional dysregulation that were refractory to multiple medical and behavioral interventions, who demonstrated sustained (8-13 days) remission from these symptoms when exposed to ketamine on 2 occasions.
CASE REPORT
This patient is a 7-year-old-boy with a psychiatric history significant for PTSD, reactive attachment disorder, and disruptive behavior disorder who displayed frequent (multiple times per day) episodes of severe emotional and behavioral outbursts involving destruction of property. The severe level of physical aggression often required physical restraints. History is notable for traumatic experiences including severe abuse during early childhood at age 5. Past medication trials* to address these problems included antidepressants, stimulants, a-2 agonist medications, histamine modulators, and mood stabilizers. None of these medication trials led to any substantial improvement. In the past 2 years, he required many hospitalizations for behavioral outbursts and inability to be safe at home. He currently resides in a longterm residential care facility.
At age 7, the patient underwent surgery for a tonsillectomy and received 10 mg intravenous ketamine along with nitrous oxide, propofol 50 mg, rocuronium 10 mg, decadron 12 mg (divided), ondansetron 4 mg (divided), neostigmine 2 mg, and glycopyrrolate 0.4 mg. In the ensuing days, the patient's care providers at the residential treatment center observed Dr Donoghue participated in the initial interview of the patients' parents and gathered information from his medical records and providers, preformed a comprehensive literature search, and drafted the initial case report; Dr Roback reviewed and revised the case report; Dr Cullen carried out the initial interview of the subject' s parents and reviewed and revised the case report; and all authors approved the final case report as submitted.
www.pediatrics.org/cgi/doi/10.1542/peds. that the intensity and frequency of his aggressive behaviors dramatically lessened and that he exhibited a newfound ability to control his emotions and behavior. They documented that he had no physical restraints during that week, which was a major change. When he did occasionally become upset during this time period, his emotions and behaviors did not escalate in his typical fashion. His adoptive parents noted that he was more affectionate to them. Strikingly, during this time, the therapist noted that the child spoke openly during therapy about his past trauma and abuse, something he had never done in the past. It was felt by his therapist that he was able to make substantial gains in the therapeutic goals during that postoperative time. After 13 days, he returned to his baseline behaviors with respect to behavioral and emotional dysregulation.
Three months later, the child underwent a sedated magnetic resonance imaging and again received intravenous ketamine 10 mg. Once more, for several days after the procedure, the patient's care providers at the residential treatment center documented that he displayed less aggressive behavior and an improved ability to regulate his emotions. He again made progress in his psychotherapy, similar to his response after the first surgery. This time, the remission lasted 8 days before the baseline symptoms returned.
DISCUSSION
Severe behavioral dysregulation in children and adolescents is often difficult to treat, especially in the setting of a history of traumatic early experiences such as child abuse. 4 When children's behavioral disorders are most severe, they often require treatment in a residential setting. 5 This is not ideal in patients like the boy presented here who have disrupted attachment relationships with their caregivers, for whom treatment focuses on fostering the caregiver-child attachment relationship 6 ; out-of-home placement inhibits the progress of this treatment goal. Given this situation, novel treatments are urgently needed for children with trauma histories who have severe and treatment-resistant behavioral problems.
There is a growing literature supporting ketamine for treatmentresistant depression in adults 1,2 and, more recently, PTSD. 3 The literature on ketamine in children for psychiatric indications is limited to just 1 report, however. Papolos reported using intranasal ketamine to treat children with what he described as the "fear-of-harm phenotype" of pediatric bipolar disorder. The description of this phenotype has similar features to those seen in children with PTSD, including reactive aggression in response to perceived threats (thought to be developed through recurrent nightmares). Papolos reported a rapid, marked improvement in many symptomatic dimensions, including aggression, with intranasal ketamine treatment in his clinical practice. 7 Two previous reports in young adults suggest that ketamine may be useful for behavioral disturbances outside the context of bipolar disorder, depression, or PTSD. Intranasal ketamine was used to treat refractory intermittent explosive disorder in a 20-year-old man and was successful in aborting explosive episodes refractory to other interventions. 8 Similarly, another case report described a 29-year-old woman with autism spectrum disorder for whom repeated doses of intranasal ketamine led to decreased depressive symptoms, as well as increased cognitive flexibility, tolerance of routine change, and ease in interacting with others. 9 The case presented here is the first report documenting a significant improvement in disruptive behavior in a child outside of the context of a bipolar diagnosis. As noted earlier, ketamine has been shown to be helpful for adults with PTSD; although pre-and post-PTSD symptoms were not directly assessed, the therapist's notes that the patient was more willing to discuss his past traumas in therapy was suggestive that this medication might be useful for PTSD in children.
The mechanism behind our patient's rapid and sustained clinical improvement after exposure to ketamine on 2 separate occasions is unclear. Studies have shown that Nmethyl-D-aspartate antagonists activate a molecular signaling cascade that ultimately results in more new spine synapses in the prefrontal cortex of animal models. 10, 11 In treatment-resistant depression, a proposed mechanism for its antidepressant effects is that ketamine increase brain-derived neurotrophic factor (a key supporter of neuronal health and synapse formation 12 ) in the prefrontal cortex 13 and can rescue and restore the losses in neurogenesis and synaptic plasticity that are seen with severe depression. 14 Speculatively, for our patient, this increased neuroplasticity could play a role in unlocking neural pathways damaged from early trauma, opening the door for the possibility of recovery through engagement in therapy. This case report suggests the need for future study using ketamine as a treatment option for children with a history of trauma and severe behavioral dysregulation who have not responded to first-line medication and behavioral therapy approaches. 
